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A man was admitted to our hospital with shortness of breath. He was involved in making
wood chips from contaminated debris created by the tsunami that occurred after the Great
East Japan Earthquake. Fungi detected at his home and workplace were possible inducers
of hypersensitivity pneumonitis, but the absence of precipitating antibodies countered this
diagnosis. His rapid and progressive clinical course and surgical lung biopsy and
bronchoalveolar lavage findings suggested acute interstitial pneumonia. Electron probe
X-ray microanalysis revealed the deposition of excessive exogenous substances in
bronchiolar regions. Inhalation of harmful materials was suspected to be the cause of
acute lung injury.
& 2012 The Japanese Respiratory Society. Published by Elsevier B.V. All rights reserved.1. Introduction
The Great East Japan Earthquake hit the East coast of the
main island of Japan on March 11, 2011. It was 1 of the most
disastrous earthquakes (magnitude 9.0) in world history.
Approximately 20,000 people were affected by this event,
and almost all of them were killed by the tsunami [1].panese Respiratory Societ
pneumonia; AIP, acut
probe X-ray microanalys
ratory Medicine, Graduate
.: þ81 227 178 539; fax: þ8
c.jp (S. Ohkouchi).Immediately after the disaster, the main problem in the
respiratory units in hospitals was a 2–3-fold increase in the
incidence of community-acquired pneumonia (CAP) com-
pared with the same period in 2010. Half of all CAP patients
came from overcrowded shelters [2].
Currently, a major problem impeding recovery from this
tragedy is the impossibility of removing the large amount ofy. Published by Elsevier B.V. All rights reserved.
e interstitial pneumonia; BALF, bronchoalveolar lavage fluid;
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local industrial waste companies to dispose of the debris
created by the tsunami (Fig. 1A). Moreover, the tsunami resulted
in radioactive contamination of the soil due to the transport of
radioactive material released during an accident at the
Fukushima-Daiichi atomic power plant. Regrettably, other
municipalities refused to receive any debris, even that without
excessive radioactive contamination, because of the opposition
from residents. Therefore, workers employed by the local
industrial waste disposal companies were overworked.
In this study, we report the case of a male construction
worker who crushed wooden debris to create wood chips. This
man developed acute interstitial pneumonia (AIP) and died
within 6 months of the disaster. Immediately after theFig. 1 – Characteristics of the tsunami caused by the Great Ea
disposal company. (A) The destructive tsunami that hit the Ea
including substances derived from human activities, covered th
chips were generated from wooden waste using heavy equipme
waste is separated from contaminants. However, immediate
impurities.
Fig. 2 – Clinical course and pathologic findings of the patient. A.
mostly normal. B. The chest radiograph (left) and computed tom
lung volume, predominantly dorsal consolidation in both lungs
SP-D, KL-6, and D-dimer in the clinical course after admissio
tissues obtained by surgical lung biopsy revealed focal distribut
Elastica-Masson stain 12.5). Proliferative-phase diffuse alv
uniformly observed in the fibrotic lesions in the biopsied tissu
in the exudative phase of diffuse alveolar damage was broadl
middle panel, H&E stain 400). Subepithelial fibrosis and shedd
both biopsies (lower right panel, Elastica-Masson stain 2
bronchiolitis. E. Electron probe X-ray microanalysis revealed
deposition. These findings suggest that the patient inhaled lardisaster, massive wooden debris containing huge amounts of
unknown impurities was urgently delivered to his construc-
tion company. He was forced to work every day without a day
off to rest, and he regularly did not use his mask because of
discomfort despite the recommendations of his company and
the government. Accidental deaths occurring during the dis-
posal of debris generated by the tsunami, such as that which
occurred in this case, should be evaluated in the future.2. Case report
A 61-year-old man began working for an industrial waste
disposal company in the Miyagi Prefecture in Japan in Novemberst Japan Earthquake and the job of the patient in a waste
st coast of the main island of Japan (right). Massive debris,
e vast area damaged by the tsunami (left). (B) The wooden
nt (right) and a shredder (left). In a typical situation, wooden
ly after the disaster, the waste included high levels of
His chest radiographs taken before the onset of disease were
ographic scan (right) taken at admission revealed reduced
, and traction bronchiectasis. C. Changes in serum levels of
n. The various treatments applied were ineffective. D. The
ion of organizing fibrosis in subpleural lesions (Upper panel,
eolar damage with thickening of the alveolar walls was
es (lower left panel, H&E stain 400). Hyaline membrane
y distributed throughout the autopsied lung tissues (lower
ing of airway epithelial cells in bronchioles were observed in
00) and autopsied lung tissues and suggested chronic
excessive silica, aluminum, iron (ferrous oxide), and titan
ge amounts of contaminated materials while working.
r e s p i r a t o r y i n v e s t i g a t i o n 5 0 ( 2 0 1 2 ) 1 2 9 – 1 3 4 1312010. He was a smoker for 42 pack-years. He worked as a heavy
equipment operator who crushed wood received from house-
wrecking companies into wood chips to generate biomass fuel
for boilers in regional plants (Fig. 1B). He had no previousrespiratory illness before the earthquake, and his chest radio-
graph taken in September 2010 was normal (Fig. 2A).
The Great East Japan Earthquake damaged his house and
forced him to reside in a storage shed that was extremely
Table 1 – Laboratory findings at admission period.
Hematology Serology
WBC 6000/ml CRP 3.1 mg/dl
Neut 68% PCT 0.39 ng/ml
Eos 2% KL-6 752 U/ml
Baso 0% SP-D 20.7 ng/ml
Lymh 17% SP-A 73.6 ng/ml
Mono 12% b-D-glucan o4 pg/ml
RBC 405 103/ml M.
Pneumonia
1.57 (INDEX)
Hb 12.7g/dl M.
Pneumonia
2.07 (INDEX)
Hct 37.7% Aspergillus
EIA
(-)
PLT 174 103/ml Mycoplasma
Ab
(-)
BNP o5.8 pg/ml
RA (-)
ANA (-)
Biochemistry IgG 858mg/dl
TP 5.3 g/dl IgA 262 mg/dl
Alb 2.8 g/dl IgM 94 mg/dl
AST 36 IU/L Ds DNA o10.0 IU/ml
ALT 36 IU/L RNA Ab (-)
LDH 208 IU/L Sm Ab (-)
ALP 397 IU/L SS-A Ab (-)
T-Bil 0.8 mg/dl SS-B Ab (-)
BUN 11 mg/dl Scl-70 Ab (-)
Cr 0.7 mg/dl P-ANCA o1.3 U/ml
Na 142 mEq/L C-ANCA o3.4 U/ml
K 3.5 mEq/L C3 121 mg/dl
Cl 106 mEq/L C4 44.2 mg/dl
CH50 75.0 U/ml
Blood gas analysis (room air)
BALF pH 7.440
Cell no. 3.4 107 PaO2 76.0 Torr
Cell no./ml
BALF
4.5 105 PaCO2 34.1 Torr
AM 83% HCO3- 22.8 mmol/L
Neu 12% SaO2 95.6 %
Lym 3% P/F ratio 362
Eo 2
CD4/8 ratio 1.55
Pulmonry function
VC 2.08 L
VC (%) 58.1%
FEV1.0 1.88 L
FEV1.0 (%) 91.7%
Sputum culture RV/TLC 45.72%
Normal flora DLCO (%) 65.7%
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wooden waste from impurities in typical situations, the large
amount of wooden debris created by the tsunami was con-
taminated with unknown materials. Because of this emer-
gency, hewas obligated towork daily without a day off for rest.
He used sealed masks, such as an N95; however, he occasion-
ally removed the mask because of unpleasantness. On several
occasions, he was subjected to irritating odors when he
accidentally crashed into contaminated mold-infested cob
walls and unknown chemical cans in farmhouses.
In the middle of May 2011, he experienced shortness
of breath and underwent a medical examination at another
hospital. He was found with bacterial or atypical pneumonia
and treated with antibiotics, including a second-genera-
tion cephem, a quinolone, and a macrolide; however, his
condition gradually worsened. At the beginning of July,
he was admitted to our hospital. Physical examination
showed that his breathing rate was slightly elevated and
weak fine crackles were audible in his lower back area. His
laboratory findings revealed mild hypoalbuminemia, hypoxia,
hypercapnia, and his serum levels of CRP and KL-6 were
elevated. His physical and serological test findings were not
indicative of collagen disorders. The bronchoalveolar lavage
fluid (BALF) collected using a bronchial fiberscope (BFS) did
not contain any pathogenic microorganisms, and only a mild
increase in neutrophils was detected. Significant restrictive
impairment (vital capacity) was observed in his pulmonary
function test (Table 1).
His chest radiographic and computed tomographic findings
revealed decreased lung volume and traction bronchiectasis
with consolidation primarily in the bilateral lower dorsal lung
field (Fig. 2B).
A transbronchial lung biopsy using a BFS revealed mild
alveolitis (data not shown). First, we suspected subacute hyper-
sensitivity pneumonitis and lung injury caused by exposure to
nonspecific antigens or infectious microorganisms contaminat-
ing the wooden debris he worked with. Therefore, a carbape-
nem and a neutrophil elastase inhibitor (sivelestat) were
administered, but his condition did not improve (Fig. 2C). An
environmental survey was performed of his shed and work-
place, and we detected Aspergillus niger and Mucor species, both
of which have been reported as latent causes of hypersensitiv-
ity pneumonia due to wood chip exposure [3–8]. However, we
did not detect any precipitated antibodies against these patho-
gens (data not shown).
At the beginning of August, a surgical lung biopsy of three
segments (S2, S4, and S9) of his right lung was performed via
video-assisted thoracic surgery. Low-magnification views
revealed localized organizing fibrosis chiefly in subpleural
lesions and mild emphysematous changes in each of the
three biopsied lung tissues (Fig. 2D, upper). The localized
fibrotic lesions contained various phases of diffuse alveolar
damage, most of which were organizing phase (Fig. 2D, lower
left), without apparent hyaline membrane formation, which
was frequently observed in the autopsied lung tissue of this
patient (Fig. 2D, lower middle). The shedding of epithelial cells
and subepithelial fibrosis in the bronchioles were observed in
both the biopsies (Fig. 2D, lower right) and in the autopsied
lung tissues of this patient. Although bronchiolitis with mild
lymphocyte infiltration was observed, no firm granulomasindicative of acute hypersensitivity pneumonitis were
observed. Finally, we diagnosed these pathologic findings as
AIP and administered additional clinical treatment against AIP
(Fig. 2C). Despite steroid therapy (methylprednisolone pulse
therapy for three days followed by a high dose of oral
prednisolone), cyclosporine A, anticoagulants (heparin), endo-
toxin hemodiafiltration using polymixin B-immobilized fiber
columns, and mechanical ventilation, his condition worsened
rapidly and irreversibly. He died 2 months after admission
(Fig. 2C). After his death, the analysis of his biopsied lungs by
electron probe X-ray microanalysis (EPMA) revealed excessive
silica and metal deposits in the bronchiolar lesions (Fig. 2E).
Excessive deposits of cobalt and tungsten suggestive of hard
r e s p i r a t o r y i n v e s t i g a t i o n 5 0 ( 2 0 1 2 ) 1 2 9 – 1 3 4 133metal lung were not observed (data not shown). Autopsy also
showed a mosaic pattern with less and severe damaged area
containing uniform widening of the alveolar septa with hya-
line membrane (Fig. 2D, lower middle). We concluded that the
inhalation of harmful materials from the wooden debris might
have induced acute lung injury that subsequently led to acute
interstitial pneumonia.3. Discussion
In this case report, we introduced a man who produced wood
chips from wooden waste generated by the tsunami. He
developed AIP and died within 6 months of the first occur-
rence of symptoms. No pathogens responsible for the lung
injury were detected in our survey; however, we believe that
the cause of the disease was alveolar damage induced by
harmful contaminating substances present in the wood
chips based on the BALF, pathological, pulmonary function,
and EPMA findings and his clinical course. In particular, titan
deposits in the patient’s lung suggested that he had inhaled
large amounts of contaminated materials while working
because this type of deposit is rarely detected in normal
subjects in an ordinary environment. Although hypersensi-
tivity pneumonitis caused by wood chips contaminated
with fungi was suspected, the diagnosis was disproven by
the lack of precipitating antibodies in addition to the findings
of firm granuloma and bronchiolitis with lymphocyte infiltra-
tion in the pathological analysis. However, fungi have
been reported as a cause of hypersensitivity pneumonitis in
woodworkers.
In major saltwater disasters such as the 2004 Sumatra–
Andaman Earthquake, Hurricane Katrina in New Orleans,
and the Great East Japan Earthquake, the incidence of
common respiratory diseases, including CAP, exacerbation
of bronchial asthma, and chronic obstructive disease,
increased, but that of interstitial lung diseases and malig-
nancies did not according to some reports [9–11]. Increases in
the incidence of these diseases was also not observed after
the World Trade Center attacks, despite the atmospheric
pollution caused by the huge dust clouds [12–14]. Although
the reasons for these findings are unknown, the use of masks
may have prevented parenchymal diseases or the observation
time (o12 years) may be too short to accurately survey the
occurrence of these diseases [15].
A manual explaining the procedures for disposing of waste
and debris generated by tsunamis was issued by the Ministry
of the Environment of Japan in May 2011. Rough classification
of garbage by type, removal of dangerous materials from
garbage, and the use of masks to prevent lung diseases caused
by dust and gas are recommended in the manual (http://www.
env.go.jp) [15–17]. It also notes that low-grade wood chips will
not be accepted for use as biomass fuel in factories and
recommends the temporary storage of wooden garbage in
other prefectures until final disposal. The unnecessary produc
tion of wood chips from contaminated debris can be prevented
if large amounts of debris can be stored safely away from
residential areas. Disease would have been prevented in this
case if the patient had continued to wear his mask. The carefulhandling of debris in accordance with the manuals released by
the government should be rigidly performed in the future.Conflict of interest
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